INTRODUCTION
Massbatter emission and M&sbauer absorption spectroscopy (MES and MAS) are among the few techniques which enable one to obtain structural information about catalysts under insitu conditions. Examples of such characterisation studies can be found in the fields of FischerTropsch and hydrodesulfurisation (HDS) catalysis (refs. 1,2,3) . However, one should keep in mind that MES can only be used as a fingerprint technique. Unfortunately Miissbauer spectroscopy is applicable to certain isotopes only. For example, the Miissbauer parameters of the only Miissbauer isotope of Ni (61Ni) are not sensitive enough to give useful information about the structure of Ni containing catalysts. Therefore, another approach was chosen to study some structural aspects of Ni(-Mo) hydrodenitrogenation (HDN) catalysts, namely to dope these Ni catalysts with 57Co. The idea behind this approach is that the 57Co will have only minor influence on the structure of the Ni because a %o/Ni ratio of only 10m3 (at/at) is sufficient. Furthermore, it was expected that since the interaction between Ni and 57Co (both group VIII) is so large the %o will give information about the local environment of the Ni.
The catalytic problem to be solved had emerged from a quinoline HDN activity study performed by Eijsbouts et al. (refs. 4, 5) on various Ni(-Mo)/C catalysts with and without phosphorus. They concluded that phosphorus is a promoter for Ni/C while it is a poison for Ni-MO/C. Although it was suggested that the formation of a "Ni-phosphate" might be the explanation for the observed behaviour, no experimental evidence for a link between catalyst structure and activity could be produced. This study had two objectives. The first one was to gain information on the possibility to use sCo as a probe for these sulfided Ni and Ni-Mo ~~o~ea~ catalysts. The second objective was to obtain information about the role of phosphorus on the phases formed during sulfidation of carbon supported Ni(-Mo) catalysts, as an attempt to explain the effect of phosphorus on the HDS and HDN activity reported by Eijsbouts et al. (refs. 4, 4) .
The activated carbon support (Norit EX3-extra, pore volume 1.0 cm3/g, BET surface 1197 m2/g) was sequentially impregnated with aqueous solutions of H3P04, (NH&Mo70W4H20 The catalysts were sulfided in a 10% H&H, gas flow, The following notation is applied (S, xK, yh+zh) which means that the catalyst was treated in the H2S/H2 gas flow and was linearly heated upto x K in y h and kept at x K for z h, after which the catalyst was cooled down to room temperature in the sulfiding gas mixture.
The four catalysts prepared were subjected to a stepwise stidation treatment. In previous studies on s7Fe (refs. 6,7) and gCo (refs. 8,9) any catalysts it was demo~~ated that the application of such a stepwise sulfidation procedure provides details which are overlooked if the catalysts are sulfided at once at temperatures commonly used in the HDS or HDN presul8ding.
The MBS spectra were recorded at room temperature using a constant acceleration spectrometer. The absorber was QFe(CN)&JH20 em-i&red in 57Fe. Calibration of the velocity scale was done by using a SNP ~~(Fe(~~NO~~~O) absorber and a 57CoEh source. The zero of the velocity scale is relative to K4Fe(C+.3k$0 measured with fl~Eh.
RESULTS
In Fig The doublet with a Q.S.=0.65 mm/s of the 57Co:Ni(5.6)/C catalyst corresponds to that of a Co/C catalyst with a Co content higher than 2.5 wt%. Sulfidation at higher temperatures reduces the Q.S. even more. After sulfidation at 673 K during 4 h, the doublet with a Q.S. = 0.46 mm/s of the flCo:Ni(5.6)/C catalyst is more pronounced than the doublet with a Q.S. = 0.40 mm/s observed for the Co(2.5)/C catalyst, and which merely was a broadened single line and could be assigned to a Co& like phase. The spectrum of the 57Co:Ni(5.6)/C catalyst suggests that 57Co has taken part in the formation of a Ni sulfide phase.
From a comparison of the results on the 57Co:Ni(5.6)/C and the 57Co:Ni(4.5)Mo(8.0)/C catalyst the infhtence of the MO on the sulfidic state of the flCo in the catalysts is obvious. A "CO-MO-S" phase character&d by a doublet with a larger Q.S. is formed in the presence of MO, and this Q.S. remains much larger at increasing sulfidation temperatures, indicating that this "Co-MO-S" phase is much more stable than the one formed in the catalyst which does not contain MO. The same difference was observed between Co/C and &-MO/C catalysts (refs. 3,9) and between Fe/C and Fe-MO/C catalysts (retk 6,7).
In Fig 2 the results obtained for the phosphorus containing catalysts are presented. It is clear that the phosphorus has an enormous influence on the flCo in both the catalyst with and without MO. In both catalysts a high-spin 2 t phase is formed after sulfidation at low temperatures. Increase in sulfidation temperature only results in small changes in these highspin 2t spectra. The influence of the MO turns out to be nihil now. In none of the catalysts a 57Co phase with the parameters of "Co-MO-S" is found, although it can not be excluded that a small fraction of the 57Co (less than 5%) is present in such a phase. These results are iu agreement with previous results on phosphorus containing Fe(-Mo)/C catalysts (ref. 11).
DISCUSSION
As outlined in the introduction, one of our aims was to get information about the relevance of ?Zo MDS measurements for studies of the structure of Ni containing hydrotreating catalysts. The MES analyses of the "Co doped Ni(-Mo) catalysts resulted in the following findings: (i) "Co is not randomly distributed over the catalyst, (ii) the apparent 57Co content is much higher than the actual one and (iii) the behaviour of a 57Co/C and a 57Co-MO/C (2* 10e3 wt% 57Co) catalyst without Ni is completely different from that of the examined Ni containing catalysts. These observations which can be understood only if the 57Co probes the Ni will be discussed below.
Although 57Co was added in the fmal impregnation step, the results on the 57Co:Ni reported to be present in sulfided Ni/C catalysts. Although the MES spectrum of 57Co in these Ni-sulfides is not known, the fact that another sulfide than Co$a is formed, is also au indication that 57Co probes the Ni.
A third argument that 57Co functions as a probe for the Ni is based on a comparison of the present results with those obtained on 57Co/C and 57Co-Mo/C catalysts with a similar low 57Co content (2*10q3 wt%) as their Ni containing counterparts. So, if the Ni has no influence on the behaviour of the 57Co the results should be similar. However, in the 57Co-Mo/C catalyst a "Co-MO-S" phase is observed with a Q.S. of 1.14 mm/s which is larger than the Q.S.
of "CO-MO-S" in the Ni containing catalyst. Furthermore, the Q.S. tends to increase on sulfldation at higher temperatures whereas the Q.S. of the "Co-MO-S" in the Although it will never be possible to prove that in the catalysts investigated the 57Co probe acts the same as Ni, the present measurements produce ample evidence that the 57Co MES technique may be used to investigate the structure of the Ni in these catalysts.
So, in the 57Co:Ni(4.5)Mo(8.0)/C catalyst sulfided at 673 K the Ni is present in a "Ni-Mos" phase. The existence of such a "Ni-MO-S" phase was made plausible by other techniques (refs. 15,16) , but such strong evidence as presented here was not yet provided. In the "Co:Ni(5.6)/C catalyst a bulk sulfide is formed. According to Bouwens et al. (ref. 17) and Eijsbouts (ref. 4) , the thiophene HDS activity of Ni-Ma/C is much higher than that of Ni/C. This is in agreement with the assumption that "Ni-MO-S" is the active phase and the observation that in the 57Co:Ni(5.6)Mo(8.0)/C catalyst 'Ni-MO-S" is the dominant phase while in the 57Co:Ni(5.6)/C catalyst a bulk sulfide is formed. Furthermore, according to Eijsbouts et al. (refs. 4, 5) , the quinoline HDN activity of the Ni-Ma/C catalyst is much higher than that of the Ni/C catalyst. This agrees with the general accepted idea that also for HDN the "Ni-MO-S" sites are the active sites. However, it must be mentioned that the MES spectra are recorded at atmospheric pressure while the quinoline HDN tests are performed at 30 bar.
The introduction of phophorus clearly changes the type of N&compounds formed. Instead of a bulk N&sulfide or "Ni-MO-S", in both catalysts a "Ni-(thio)phosphate"-like phase is formed.
Sofar, we were not able to distinguish between the "N&phosphate" -and the "Ni-thiophosphate" -like phases. The formation of this phase has a large influence on the catalytic properties of the catalysts. The thiophene HDS activity (measured at 1 bar and 673 K) of Ni/C and especially that of Ni-Ma/C is poisoned by the introduction of phosphorus (ref. 4). As a result, the difference in activity between the two phosphorus containing catalysts is much smaller than that between their phosphorus free counterparts. The effects of phosphorus on the structure, sultidability and thiophene HDS activity of Ni(-Mo)/C catalysts are also observed for Co(- (refs. 17,18) and Fe(-Mo)/C (ret%. 11, 17) Although for both Ni/C and Ni-Ma/C the HDS activity is lowered by introduction of phosphorus, this is not the case for the quinoline HDN activity (refs. 4,5) . The quinoline HDN activity of the Ni-MO/C catalyst is decreased in the presence of phosphorus, while the activity of Ni/C is strongly enhanced. The resulting activities of the Ni-Mo-P/C and the N&P/C catalysts are quite similar. This seems to be in good agreement with the obtained MES results.
In both catalysts a "Ni-(thio)phosphate)' is formed. This "Ni-(thiolphosphate" apparently has a low activity for HDS but turns out to have an interestingly high activity for HDN. 
